Basis for new Claim 16 is submitted to be foimd in the application as filed at page 7, lines 
3-9 and page 12, lines 8-12. 

A version with markings to show changes made is attached. 

We turn now to the action. Claims 4, 5 and 12 are indicated as being dependent on a 
rejected base claim but are indicated as bemg allowable if rewritten in independent form including 
all the limitations of the base claim and any intervening claims. 

Claim 1 has been amended herewith to be Claim 12 rewritten m independent form 
including all the Umitations of the base claim and any mtervening claims. Therefore, Claim 1 as 
amended is allowable. 

Claims 2, 3, 4, 5, 7, 8 and 9 depend directly or indirectly fi:om allowable amended Claim 1. 
Therefore, Claims 2, 3, 4, 5, 7, 8 and 9 are allowable. 
That leaves Clahns 10, 11, 13, 14, 15 and 16. 

Claims 1-3 and 6-11 are rejected under 35 U.S.C. 112, first paragraph as lacking 
enablement on the basis of citations that indicate a minor proportion of asthmatics may experience 
airway obstruction on treatment with appUcant's disclosed regimen with HjS. Claims 1-3 and 7-9 
have been amended m a way that the action indicates, will avoid the rejection. Claim 6 has been 
canceled. Claims 10 and 11 are still subject to the rejection. Reconsideration is requested. It is 
submitted that the rejection should not apply to Claims 13-16. 

35 U.S.C. 112, first paragraph, is reproduced below. 

The specification shall contain a written description of the 
invention, and of the manner and process of making and using it, in 
such fiiU, clear, concise, and exact terms as to enable any person 
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skilled in the art to which it pertains, or with which it is most nearly 
connected, to make and use the same, and shall set forth the best 
mode contenq)lated by the inventor of carrying out his invention. 

As indicated above, 35 U.S.C. 1 12 requires a description enabUng a skilled person to make and 

use. In this case, there is no question of how to make— only a question of how to use. In this 

case, In re Hitchings . 144 U.S.P.Q. 637 (C.C.P.A. 1965) indicates an e?q)ress disclosure of 

mMuaer of administration and dosage, will satisfy the how to use requirement. These are clearly 

set forth for HjS in the appUcation as filed at page 12, lines 8-12. Thus, it is submitted that 

Clakos 10, 11 and 13-16 meet the requirements of 35 U.S.C. 1112, first paragraph. 

The rejection is really based on an assertion of lack of utiUty and is brought imder 35 
U.S.C. 112 rather than 35 U.S.C. 101. See MPEP Section 2164.07. 

The requirements for utility are set forth m the PTO utility guidehnes; see MPEP Section 

2107. 

Rejections for lack of utility have to do with burdens. Initially, the burden is on the 
examiner to show that one or ordinary skill in the art would reasonably doubt the asserted utihty. 
See MPEP Section 2164,07(I)(B). The examiner has tried to meet this burden by citing 
documents which show that a minor proportion of asthmatics may experience airway obstruction 
with appUcant's disclosed regimen with H^S. 

It is submitted that the examiner has not met the required bmden because the docxxments 
are equivocal. 

Moreover, the cited documents are not pertinent to new claims 14-16 since dociiments are 
directed to lack of utility for treating asthma and Claims 14-16 exclude treatment of asthma. 
Even if the PTO is considered to have met its burden for Claims 10, 1 1 and 13, it is 
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submitted that the equivocal documents are negated by documents enclosed herewith and thus the 
burden again switches to the PTO. 

Consider the following documents. 

Consider firstly, Hawley's Condensed Chemical Dictionary, 1 1*^ Edition (1987), pages 618 
and 1 154, copy attached. These indicate a threshold limit value (TLV) for HjS of 10 ppm in air. 
This means that workers may be repeatedly e>q)osed to 10 ppm HjS without adverse effects. 

Consider also a printout obtained fi:om the Intemet on 6/1/03 of AflBbtiity Laboratory 
Technologies Pubhc Exposure Guidelmes, copy attached, which confirms a TLV of 10 ppm or 15 
ppm for HjS. 

Consider also Agency for Toxic Substances and Disease Registry ToxFAQs™ for 
Hydrogen Sulfide (June 1999), copy attached, which indicates OSHA has estabUshed an 
acceptable concentration of 20 ppm in the workplace. 

Consider also a pamphlet by lUinois Department of Public Health titled 'Tiydrogen Sulfide 
Gas" which indicates that at levels of 250 ppm, recovery occurs quickly if closure is ended 
pron5)tly. 

It is submitted that since workers may be acceptably e?q)osed to 10 ppm repeatedly on a 
long term basis and since OSHA has estabUshed an acceptable concentration of 20 ppm in the 
workplace, then Claim 13 with an upper limit of 10 ppm should certainly be acceptable even for 
asthmatic subjects. 

Note fiuther, that the 10 and 20 ppm limits are for long term exposure. It is submitted 
that 100 ppm (Claims 10 and 1 1) would be reasonable for the shorter time exposures 
conten^lated by the invention. See Exanq)le X which indicates an improvement fi'om FEV of 1.5 
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to FEV of 1.8 at 10 ppm "over the foUowing day". 

Consider fiirther that the TLV and OSHA limits are for H2S in air wherein Claims 10, 1 1 
and 13 required HjS in nitrogen. While the patient would be breathing air at the same time as 
being administered HjS in nitrogen, the air would reduce the concentration of H^S in the lungs 
and the HjS would less Ukely oxidize, e.g., to sulfturic acid, when administered in H^S compared 
to when administered in air. 

The statement in the action that "Air e>q)osure would be a lot less detrimental than direct 
delivery into the lungs" is noted. It is submitted that this position is inappropriate. It is clear from 
the above that the concentration of HjS is the inq)ortant factor. It is submitted that the 
concentration of HjS would not be expected to be reduced from nose to trachea con[Q)ared to 
mtroduction at the trachea. 

Consider further that even if difficulties would ensue for a minor proportion of asthmatics, 
this should not penaUze the asthmatics who would benefit from the treatment. Most drugs effect 
difficulties m some proportion of subjects to which they are administered and yet are recognized 
as being important for treatment. One skilled in the art woiild know that in those cases where 
difficulties ensue, the treatment is discontinued. 

Consider that the PDR says about Celebrex®: 

A patient with syn^toms and/or signs suggestiag liver dysfunction, 
or m whom an abnormal liver test has occurred, should be 
monitored carefiilly for evidence of the development of a more 
severe hepatic reaction while on therapy with Celebrex®. If cUnical 
signs and symptoms consistent with liver disease develop, or if 
systemic manifestations occxu'(e.g. eosinopnilia, rash etc.), 
Celebrex® should be discontinued. 

This scenario is also the case for treatments causing limg obstruction. In this regard. 



consider that acetylcysteine is an FDA approved drug for use as a mucolytic for cystic fibrosis 
patients despite the fact that in some patients, mucolytics may aggravate airway obstruction. In 
those cases, the offendmg regimen is discontinued and another regunen in5)lemented. See the 
Merck Manual 17**" Edition, pages 513 and 514, copy enclosed with last response. 

Obviously, one skilled in the art would discontinue H^S treatment in those some cases 
where there would be a probleuL This is submitted not to be grounds for disparaging the 
invention of negating patent abihty. 

Allowance of all claims is requested. 



Respectfully submitted. 



JONES, TULLAR & COOPER, P.C. 




Eric S. Spector 
Reg. No. 22,495 



JONES, TULLAR & COOPER, P C. 
P.O. Box 2266 Eads Station 
ArUngton, Virginia 22202 
703-415-1500 



Case Ehike File 1661 CIP 



Date: June 5, 2003 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

m THE CLAIMS : 

Claim 1 has been amended as follows: 

1. (Amended) A method for treating a pxilmonary disorder associated with depletion of 
the S-nitrosoglutathione pool in the lung or depletion of the glutathione pool in the lung or 
production of reactive oxygen species in the lung in a patient having such disorder which 
conq)rises delivering into the lungs of said patient as a gas, a therapeutically effective amount of 
an agent, which causes repletion or increase of the S-nitrosoglutathione pool in the lung or 
protects against toxicity where glutathione is depleted in the lung or where reactive oxygen 
species are increased in the lung and does so independently of reaction with oxyge n, with the 
proviso that said agent does not conyrise H ^S. 

Claim 6 has been canceled. 

Claim has been amended as follows: 

10. (Amended) A [The] method [of Claim 6] for treating a puhnonarv disorder 
associated with depletion of the S-nitrosoglutathione pool in the lung or depletion of the 
glutathione pool in the limg or production of reactive oxygen species in the lung in a patient 
having such disorder which comprises delivering into the Ixmgs of said patient as a gas, a 
therapeutically effective amount of an agent, which causes repletion or increase of the S- 
nitrosoglutathione pool in the lung or protects against toxicity where glutathione is depleted m the 
lung or where reactive oxygen species are increased in the lung and does so independently of 
reaction with oxygen, with the proviso that when said agent conyrises H^S, [where] the HjS is 
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administered at a dosage of 0. 1 to 100 ppm in nitrogen. 
Claim 12 has been canceled.. 
Claims 13-16 have been added as follows: 

" 13. The method of Claim 10 where the H^S is administered at a dosage of 0. 1 to 10 
ppm in nitrogen. 

— 14. A method for treating a pxihnonarv disorder associated with depletion of the S- 
nitrosoglutathione pool in the Ixmg or depletion of the glutathione pool in the Ixmg or production 
of reactive oxygen species in the lung in a patient having such disorder which conq)rises deUvering 
into the lungs of said patient as a gas, a therapeutically effective amount of an agent, which causes 
repletion or increase of the S-nitrosoglutathione pool m the lung or protects against toxicity 
where glutathione is depleted in the lung or where reactive oxygen species are increased in the 
lung and does so iadependentlv of reaction with oxygen, v^th the proviso that said pulmonary 
disorder is not asthma. 

"15. The method of Claim 14 where the disorder is selected group consisting of 
pulmonary hypertension including persistent pulmonary hypertension of the newborn, adult 
respiratory distress syndrome, pneumonia, mterstitial Ixmg diseases including pulmonary fibrosis, 
and cystic fibrosis. 

—16. The method of Claim 15 where the agent comp rises H^S — 
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HYDROGEN PEROXIDE 

gases. Large quantities of hydrogen are neces- 
See^so gasification, hydrogenation. 

pSS-(pureanhydrous)Density of solid, 1.71 
^IZ SA of liquid 1.450 g/cc at 20C visoos^ 
itv liauid 1.245 centipoise, surface tension 80^ 
s/cm 1 20C, fp ^MC. bp 150.2C soluble 
fn water and alcohol. (Solutions): Pure hydrogen 
peroxide solutions, completely free from contani- 
fnation are highly stable; a low percentage of 
an nhibitor sulh as acetanilide or sodium stag- 
nate i usually added to counteract the catalytic 
effect of traces of impurities such as iron copper. 
Sther heavy medals. A relatively stabk sa^^^ 
pie of hydrogen peroxide typicaUy. decomp°s^ 
at the rate of approximately 0.5% per year at 

^:ZSll)^io..<i^^^on of an alkyl anthrahy- 
""droqt^^oni U as the 2:ethyl derivative m a 
cycHc continuous process in ^^ich the quinone 
o'rmed in the oxidation step '^redu^«d ° ^^^^^ 
starting material by hydrogen P^fsence 
of a upported palladium catalyst; (b) by electro- 
nic processes in which aqueous sulfunc acid 
• or acidic ammonium bisulfate is converted elec- 
trofytically to the peroxydisulfate. which i hen 
hydrolyzed to form hydrogen perox.de; (c) by 
autoxidation of isopropyl alcohol. Method (a) 

is most widely used. a 77 <; 50 35 

Grade- US? (3%). technical (3, 6, 27.5, JU, J3, 

50 and 90%), FCC. Most common commercial 

streneths are 27.5. 35, 50. and 70%. 
h3 Dangerous fire and explosion nsk, strong 
"oxiSing agent. Concentrated solunons ar^ 

highly toxic and strongly irntatmg. TLV. 1 ppm 

liserBleaching and deodorizing of textiles, wood 
DulD hair, fur, etc.; source of organic and nor- 
S peroxides; puip and paper industry; pl^ti- 
cizere rocket fuel; foam rubber; manufacture of 
grycerol; antichlon dyeing; electroplating; ant,- 
feptic; laboratory reagent; epoxidation, hydrox- 
yla iok, oxidation, and reduction; viscosity con- 
tro for starch and cellulose derivatives; refinmg 
and cle ning metals; bleaching and oxidizing 
agent in ioods; neutralizing agent m wine dist.lla- 
S seed disinfectant; substitute for chlorine in 
water and sewage treatment, 
hydrogen phosphide. See phosphine. 
hydrogen, phosphoretted. See phosphine. 

disulfide, phosgene; bp -42C; fp -64C; d 2.00 
(air = 1). 



SfrSn^^rous fire and explosion risk; reacts 
vTotently with oxidizing materials. Toxic by mha- 
Eon strong irritant to skin, damaging o lungs 
and liver TLV: 0.05 ppm (as selemurn) m air. 
Use Prepartion of metallic selenides and organo- 
selenium compounds; in doping as mix for prepa- 
ratioHf semiconductor materials contaimng 
controlled amounts of significant impunties. 

hydrogen slush. A mixture °ffolid and liquid hy^ 
^drogen at the hydrogen tnple point 13.8K and 
1.02 psia. It is denser and less hazardous than 
liquid hydrogen. 

hydrogen sulfide, (sulfuretted hydrogen). 
TAS- 7783-06-4. HjS. 
P^opertL: Colorless gas, offensive odor sdub e 
in water and alcohol, d 1-189 (air = !.(»). fp 
-83.8C, bp-60.2C, sp vol ^^■^^^ l^^g'''''' 
1 atm). autoign temperature 500F (260C). 
DerivSon: (a) By the action of dUute sulfunc 
acid on a sulfide, usually iron sulfide; W by di 
rect union of hydrogen and sulfur vapor at a 
definite temperature and pressure; (c) as a bypro- 
duct of petroleum refining. ^ , -„ /-p 
Grade: Technical 98.5%, purif^^ed 99.5% mm, CP. 
Hazard- Highly flammable, dangerous fire nsk, 
exX ve limiis in air 4.3-46%. Toxic by inhak- 
tion. strong irritant to eyes and mucous mem- 
ur/^ril^S^^S^^cacidandsulfuric 
acid precipitating sulfides of metals, analytical 
reagent, source of sulfur and hydrogen. 

hydrogen tellurate. See telluric acid. 

hydrogen telluride. CAS: 7783-09-7_ H^Te. 
Properties: Colorless gas. d (hquid): 2.57 ( 20C), 
fpC49C, bp -2C, soluble in water but unstable. 
• soluble in alcohol and alkalies. 
Hazard: See hydrogen selemde. 

hydrol. See teiramethyldiaminobenzhydrol. 

hydrolase, (hydrase). f ^y'"?,!'^^.^^^',^^ 

lyzes the removal of water from the substrate. 

See enzyme. 

"Hvdrolin."^^ TM for an ammonium nitrate base 
blSng agent which requires specially con- 
structed primers for detonation. 
Use: For seismic prospecting at sea. 
Hazard: See ammonium nitrate. 

hydroliquefaction. Production of liquid hydro- 
carbon fuels by hydrogenation of coal. 
See gasification; Oil/Gas Process. 

hydrolube. A water-glycol base noncombustible 
hydraulic fluid. 




hydrolysis. A che 
reacts with anoi 
more new subst 
of the water mo: 
compound hydr 
HOH CH3CC 
conversion of st 
presence of su 
sucrose (cane s 
by reaction with 
zyme or acid • 
fats into fatty 
with water in o: 
and reaction of 
form various p) 
ions, etc. 

hydrometer. De- 
liquids, 
See also Baume' 

hydronium ion. 
transfer of a pre 
molecule of w£ 
(0H-) is also f 
H3O+ + 0H-. ■ 
c^ly rare, resu. 

/ molecules in a 

hydroperoxide. 

generalized for 
hydroperoxide 
hydroperoxide 
oxidizing ager 
of higher mole 
droperoxides c 
rated hydroca 
peroxide in a : 
are used as pc 

hydrophilic. H 

absorb water, 
mation of reve 
teristic of cart- 
gums, pectins 
teins such as 

hydrophobic. • 

dissolving in 
tic of all oils 
. well as of fi 
' black and mt 

hydroponics. ! 

"Hydro-Pruf."' 
lent for fabri 
curing tempc 

hydroquinol. 



THRESHOLD LIMIT VALUE 



1154 



An essen- 



CH3CH{0H)CH(NH^)C0OH). 

ticallv active, dl-threonme, mp 228-229C wiin 
3 impStion; l(.)-threonine (naturally o^^^^^^^ 
ring) mp 255-257C with decomposition, dl-allo 

JSL":; HySS'protein 
U?e: NuStion and biochemical research, dietary 

supplement. 

air. They are umc & ^ workers may 

oe rci^cai^ TiT^ XT V values are revised annu- 
adverse effects. TheTLV .^aiuesarc 
ally and provide the basis for the sa^f J^^uia 
7 \.f o<sHA Thev are mtended to serve as 
rdes n conttol of health hazards, rather than 

"TLV." 
See also air pollution. 

I n under normal conditions; when bleeding be- 
Sns the prothrombin is converted to th«>mb m. 
^hkh in mm. activates the formation of fibrm. 

thrombocyte. See platelet. 



thuiaoil (arbor vitae oil). CAS: 8007.20;3. 
*pXenies: Pale yellow essential f^fj^^^^, 
odor d 0 910-0.920, refr index 1.459 (20C), opti 
2l itation -io to -13 degrees in 100 mm tube. 
SolSle in alcohol, ether, chloroform. «rbo^^^^^ 
sulfide, fixed oils, and mmeral O'K Combustible. 
Chief known constituents: Dextro-pmene levofen- 
chone, thujone, should contam more than 60% 
keton;s calculated as thujone. Dermuon rhs- 
tiUed from the leaves of the white cedar, Thup 

Grade: Technical. FCC (as cedarleaf oil). 
Use; Perfumery, flavoring. ■ 

20C), bp 203C, insoluble in water, soluble in alco- 
hol. Combustible. 
Hazard: Toxic by ingestion. 
Use: Solvent. 



thulia. See thulium oxide. 

thulium. CAS: 7440-30-4. Jm. .A.t°"^f 
number 69, Group IIIB of the penodic table a 
rarrearth dement of the lanthanide groups, aw 
168 9342, valence = 3, no stable isotopes. 
P oper^ies; Metallic luster, reacts slowly with wa- 
ter soluble in dilute acids, salts colored green, 
d 9.318. mp 1550C. bp 1727C. 
Derivation: Isolated by reduction of the fluonde 
with calcium. 
See rare earth minerals. 
Grade: Reeular high purity (mgots, lumps). 
Hazard: Fire risk in form of dust. 
Ferrites, x-ray source. 



thromboxane. See prostaglandin. 

,,,owing oil. An oil^J^^^^^ 
and filament rayon for throwing, me of 
by which the filaments are twisted into threads 
ADplied by a bath, the oils condition the lila 
men uand'yams for subsequent weaving or kmt^ 
fine Usually compounded to be self-emulsifying 
and may contain a sizing agent such as dextnn. 
gelatin, etc. 
See also slashing compound. 

'^-tlfTelectr^l^™^^^^^^^^^^ 
SorL y ov r'a'Sce being electroplated, par- 

riculaVlv in irregular and recessed areas. The 
hro^nVpower is the weight of deposition per 
unh distance between the electrodes. 
THPC. See tetrakis(hydroxymethyl)phospho- 
nium chloride. 



Use: 



thulium 170 

ber 170. 



Use: 



Radioactive thulium of mass num- 
X-ray source in portable units. 



thulium chloride. TmCl3-7HOH. 
Properties: Green, deliquescent crystals; mp 824C, 
bp 1440C; very soluble in water and alcohol. 

thulium oxalate. Tm2(C20«)3-6HOH. 
Properties: Greenish-white prf JP/.t^^e;, ^f/^^ 
at 50C. soluble in aqueous alkali oxalates. 
Derivation: Precipitation of a soluuon conM^ 
a thulium salt and a mineral acid by addition 

Use:°AllalytiSi separation of thulium (anj other 
. rare-earth metals) from the common metals. 

thulium oxide. (thuUa). TinjOj. ^-.^ 
Prooerties- Dense white powder with greenish 
tTnge sfightly hygroscopic, absorbs water and 
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Public Exposure Guidelines 

htt:p://wvyw.nw^^^Qaa,.goy 

When a chemical spill occurs near a population center, responders establish a leve 
concern (LOC) that will protect the general public from exposure. 

Public exposure guidelines are meant to protect all segments of the population, 
including the very young and the very old, pregnant women, and hypersensitive 
individuals. However, relatively few public exposure guidelines have been develop 
Spill responders commonly use occupational standards and their own best judgme 
to select a LOC protective enough for the general population. 

This article briefly discusses the main features of available public exposure guideli 

NAAQS 

The National Ambient Air Quality Standards (NAAQS) were developed by the U.S. 
Environmental Protection Agency (EPA) for six air pollutants: ozone, nitrogen diox 
sulfur dioxide, particulates, lead, and carbon monoxide. These limits were designe 
protect the whole population ail the time. Some have a 24-hour excursion limit, w 
may be exceeded only once a year. 

While conservative and protective, these standards are not appropriate for 
emergency response. The substances covered are common air pollutants generate 
mostly by burning fuel, not toxic chemicals that accidentally spill and create a sho 
term emergency. In addition, the shortest NAAQS exposure duration is 24 hours, 
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while exposure from an accidental spill is usually no longer than 1 hour. 




1/10 IDLH 

This exposure limit was suggested for use as a public exposure guideline by EPA, \ 
Federal Emergency Management Agency (FEMA), and the Department of 
Transportation (DOT) in the guidance document, Technicai Guidance for Hazard 
Analysis, because it was recognized that the Immediately Dangerous to Life and 
Health (IDLH) limits may not be applicable for general public exposure. The choice 
1/10 of the IDLH is based on reducing the IDLH by one order of magnitude, thus 
providing a safety factor. Nevertheless, it is an extrapolation that may or may not 
justified. Many IDLH values were made more protective in 1994» In some cases, tl 
may create a situation in which adhering to 1/10 of the new IDLH makes the LOC 
lower than the commonly used occupational exposure limits such as the Thresholc 
Limit Values (TLV) or Permissible Exposure Limits (PEL). Both of these are exposu 
limits deemed acceptable for most adults for an 8-hour workday, for a lifetime of 
employment. 



ERPG 

The Emergency Response Planning Guidelines (ERPG) were developed under the 
guidance of a committee within the American Industrial Hygiene Association. It is 
three-tier standard with one common denominator, a 1-hour contact duration (figi 
1). Each standard identifies the substance, its chemical and structural properties, 
animal toxicology data, human experience, existing exposure guidelines, the ratio 
behind the selected value, and a list of references. 

ERPG-3 "is tJue maximum airborne coricerLtraiioxibeljowhicliit 
is believed that nearly all individuals couild be exposed for up to 1 
horn- ^thout experiencir^ or developing life- threatening health 
effects". 



ERPG-2 "is the maximum airborne concentrationbelo which it 
is be lie ved that nearly all individuals c ouM be e xpose d f or up to 1 
houi without experiencing or developing Irreversible or other 
serious health effects or symptoms vhich couM impair an 
individuals ability to take protective action". 




ERPG-1 "is the maximum airborne concentration bebv vhich it 
is believed that nearly all individuals couM be exposed for up to 1 
hour without experiencing other than mild transient adverse health 
effects or perceiving a clearly defined, objectionable odor". 



FIGURE 1. The three-tiered ERPG public exposure guidelines. The definitions and 
format are from the ERPG publication. 

The ERPG standard does not protect everyone. Hypersensitive individuals would 
suffer adverse reactions to concentrations far below those suggested in the standi 
In addition, ERPG, like other exposure guidelines, is based mostly on animal studi- 
thus raising the question of applicability to humans. The standard is focused on or 
period of time: 1 hour. Exposure in the field may be longer or shorter. However, t 
ERPG committee strongly advises against trying to extrapolate ERPG values to Ion 



http://21 6.239.37. 100/search?q=cache:h-xqOaJYQsJ:ww.altcorpxoni/Affm^ 6/1/03 



I 

periods of time. 

The most important point to remember about the ERPG is that it does not contain 
safety factors usually incorporated into exposure standards such as the TLV. Rath< 
it estimates how the general public would react to chemical exposure. At the ERPC 
for example, most people would detect the chemical and may have temporary mil 
effects. At ERPG-3, on the other hand, it is estimated that the effects would be 
severe, although not life-threatening. The TLV, however, includes a safety factor t 
prevent ill effects. The ERPG should serve as a planning tool, not a standard to 
protect the public. You can view the current ERPG list at .http;//t!s- 
hq ,eh ,d.oe, gpy/web/Che,m„Saf^^ . 

In comparison to other LOCs, the ERPG is clearly defined and is based on extensiv 
current data. The rationale for selecting each value is explained and other pertinei 
information is also provided. But at the present time, ERPG standards have been 
defined for fewer than 100 chemicals. 

AEGL 

Acute Exposure Guideline Levels (AEGLs) are under development by the National 
Research Council's Committee on Toxicology. The committee developed detailed 
guidelines for developing uniform, meaningfuTemergency response standards for = 
general public. The criteria in the guidelines take into account sensitive individuals 
and are meant to protect nearly all people. The committee has begun putting the 
guidelines into practice in developing AEGLs for specific chemicals. As of mld-200] 
defined AEGL values for four chemicals have been released; proposed AEGL value: 
for more chemicals are under review. The committee's objective is to define AEGL 
for the 300+ extremely hazardous substances listed in Title III of the Superfund 
Amendment and Reauthorization Act (the US EPA offers an online list of these 
substances). The guidelines define three-tiered AEGLs as follows: 

^ AEGL 1 : The airborne concentration of a substance above which it is predicted that thi 
general population, including susceptible individuals, could experience notable discomi 
irritation, or certain asymptomatic nonsensory effects. However, the effects are not 
disabling and are transient and reversible upon cessation of exposure. 

^ AEGL 2: The airborne concentration of a substance above which it is predicted that the 
general population, including susceptible individuals, could experience irreversible oro 
serious, long-lasting adverse health effects or an impaired ability to escape. 

^ AEGL 3: The airborne concentration of a substance above which it is predicted that the 
general population, including susceptible individuals, could experience life-threatening 
health effects or death. 

Each of the three levels of AEGL-AEGL-1, AEGL-2, and AEGL-3, are developed for 
each of five exposure periods: 10 minutes, 30 minutes, 1 hour,. 4 hours, and 8 hou 

AEGLs, when available, may be the best choice to use as LOC. However personal 
judgment and experience should be used both for selecting an LOC and for 
interpreting the data obtained from using it. 

AEGL values for four chemicals are shown and discussed in Acute Exposure G.uidel 
Levels. for Selected .Airborne Chennical^^^^^ The guidelines for 

developing AEGLs are described in Stand jng_.Ope^^^^^ 
Acute Exposure .Guideline Levels for Haza.rdp.us Chemicals. 
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Table 1 presents the major exposure guidelines now in use. Table 2 compares the 
values found in several guidelines for four chemicals which are commonly 
encountered during spill response. 



TABLE 1. Summary of the major exposure standards. 



Guideline 


Target 
Group 


Organization 


Definition 


Exposure Duratio 


AEGL 


Public 


COT NRC 


Three-tier guideline for 
emergency response 


10 min.. 30 min, 1 hr, 
hr, and 8 hr 


ERPG 


Public 


AtHA 


Three-tier planning 
guideline for emergency 
response 


1 hour 


1/10 IDLH 


Public 


EPA/FEMA/DOT 


LOG estimation based on 

IPM LJ 

IDLH 


30 minutes 


IDLH 


Worker 


NIOSH 


Highest concentration 
fronn which escape 
possible without 
permanent damage 


Used to be 30 minute 
The revised IDLH 
(1994) mentions no 
exposure duration. 


TLV, PEL, 
REL 


Worker 


ACGIH, OSHA. 
NIOSH 


Occupational exposure for 
8-hour workday 


8 hours per day, 20 t 
30 years 


STEL 


Worker 


ACGIH 


Occupational short-term 
exposure limit 


15 minutes 



TABLE 2. Comparison of suggested exposure limits for four hazardous chemicals. 
Concentrations are in parts per million (ppm). 



Chemical 


ERPG- 
2 


1/10 IDLH 
(numbers in 
parentheses are pre- 
1994 version) 


IDLH 
(numbers in 
parentheses are pre- 
1994 version) 


TLV- 
TWA 


TL 
ST 


Ammonia 


200 


30 (50) 


300 (500) 


25 


35 


Chlorine 


3 


1 (3) 


10(30) 


0.5 


1 


Hydrogen 
Sulfide 


30 


10 (30) 


100 (300) 


10 


15 


Sulfur 
Dioxide 


3 


10(10) 


100(100) 


2 


5 



EEGL 

Emergency Exposure Guidance Levels (EEGLs) were developed by the National 
Research Council Committee on Toxicology for the Department of Defense (DOD) 
planning operations under emergency conditions such as spills, fires, and other 
contamination. Exposure duration was set at 1 to 24 hours. The exposures allowe( 
are not safe but tolerable, and temporary effects are tolerated. The EEGLs were 
developed for young, healthy military personnel, so the same logic that applies to 

i 
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IDLH applies to EEGLs: exposure that may be a nuisance to a young and healtliy 
adult may be a real problem for a compromised individual. EEGL standards were 
developed for 41 substances, some of them used almost exclusively by the militar 

SPEGL 

The Short-term Public Exposure Guidance Levels (SPEGL) were developed by the I 
COT as public exposure guidelines, mostly for civilian populations around military 
bases (which are similar to civilian populations anywhere else). Effects were 
considered for all groups of the public. Only five SPEGLs have been developed: 
^ hydrazine, dimethylhydrazine, monomethyl hydrazine, nitrogen dioxide, and 

hydrogen chloride. 

While applicable to spill response situations, the short list of SPEGLs covers only a 
small fraction of the large number of chemicals that may spill and pose a risk to t\ 
public. 

TEEL 

TEELs are temporary LOCs similar to ERPGs, and defined by the U.S. Department 
Energy for use when ERPGs aren't available. Like ERPGs, tiiey do not incorporate 
safety factors. Rather, they are designed to represent the predicted response of 
members of the general public to different concentrations of a chemical during an 
incident. Also like ERPGs, TEELs are three-tiered: 

^ TEEL-1 predicts irritation and other minor effects. 
^ TEEL-2 predicts irritating but reversible effects. 
' ^ TEEL-3 predicts serious impact, perhaps death of compromised individuals. 

TEELs are derived according to a specific, standard methodology. Unlike the ERPG 
which are derived from extensive reviews of animal and human studies, the TEEL 
methodology prescribes using the ERPG when available, and when no ERPG exists 
using available LOCs and manipulating current data using a peer-reviewed, appro> 
procedure. As a result, TEELS are available for many chemicals (published TEELs c 
listed at h.ttp;/y.tis-hg,eh,d 

The TEEL methodology can be used to derive a LOC for almost any chemical, but t 
power of TEELs is not as substantial as ERPGs. Nevertheless, TEELs can provide a 
useful reference when no other LOC is available. 

Conclusions 

No single exposure guideline adequately addresses the need for a LOC applicable i 
the general population during an emergency response situation. ERPG, which was 
designed for emergency response, provides useful planning guidelines, but for a 
limited number of substances. AEGLs provide the framework for developing public 
emergency response guidelines, but actual standards are just beginning to be 
available. Until adequate emergency response standards for a larger number of 
substances are available, emergency responders will continue to use existing 
guidelines and standards and their own best judgment when selecting the level of 
concern for emergency response incidents. 
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This fact sheet answers the most frequently asked health questions about hydrogen 
sulfide. For more information, you may call the A TSDR Information Center at 7- 
888-422-8737, This fact sheet is one in a series of summaries about hazardous 
substances and their health effects. This information is important because this 
substance may harm you. The effects of exposure to any hazardous substance 
depend on the dose, the duration, how you are exposed, personal traits and habits, 
and whether other chemicals are present. 



HIGHLIGHTS: Hydrogen sulfide occurs naturally and is also 
produced by human activities. Just a few breatiis of air containing 
high levels of hydrogen sulfide gas can cause death. Lower, longer- 
term exposure can cause eye irritation, headache, and fatigue. This 
substance has been found in at least 24 of the 1,467 National 
Priorities List sites identified by the Environmental Protection 
Agency (EPA). 



What is hydrogen sulfide? 
(Pronounced hi'dro-gen sulTide) 

Hydrogen sulfide occurs naturally in crude petroleum, natural gas, volcanic gases, and 
hot springs. It can also result from bacterial breakdown of organic matter. It is also 
produced by human and animal wastes. 

Hydrogen sulfide can also result from industrial activities, such as food processing, 
coke ovens, kraft paper mills, tanneries, and petroleum refineries. 

Hydrogen sulfide is a colorless, flammable gas under normal conditions. It is 
commonly known as hydrosulfliric acid, stink damp, and sewer gas. It smells like 
rotten eggs. People can smell it at low levels. 

What happens to hydrogen sulfide when it enters the environment? 

• Hydrogen sulfide is released primarily as a gas and will spread in the air. 

• When released as a gas, it will form sulfur dioxide and sulfuric acid in the . 
atmosphere. - 

• Sulfur dioxide can be broken down further and is a major component in acid 



http://vmw.atsdr.cdc.gov/tfactsll4.html 



6/1/03 



ATSDR - 1 oxFAgs: Hydrogen buiiiae 



I 

rain. 

• Hydrogen sulfide remains in the atmosphere for about 18 hours. 

• In some instances, it may be released as a liquid waste from an industrial 
facility. 

How might I be exposed to hydrogen sulfide? 

• You can be exposed by crude petroleum, natural gas, volcanic gases, and hot 
springs. 

• You can be exposed at work if you work in the petroleum refining, 
petrochemical, or natural gas industry; food processing; wastewater treatment; 
coke oven plants; tanneries; or pulp and paper mills. 

• A small amount of hydrogen sulfide is produced by bacteria in your mouth and 
gastrointestinal tract and by enzymes in your brain and muscle. 

How can hydrogen sulfide affect my health? 

Hydrogen sulfide is considered a broad-spectrum poison, meaning it can poison several 
different systems in the body. 

Breathing very high levels of hydrogen sulfide can cause death within just a few 
breaths. There could be loss of consciousness after one or more breaths. 

Exposure to lower concentrations can result in eye irritation, a sore throat and cough, 
shortness of breath, and fluid in the lungs. These symptoms usually go away in a few 
weeks. Long-term, low-level exposure may result in fatigue, loss of appetite, 
headaches, irritability, poor memory, and dizziness. 

Animal studies showed that pigs that ate food containing hydrogen sulfide had diarrhea 
after a few days and weight loss after about 105 days. 

How likely is hydrogen sulfide to cause cancer? 

Hydrogen sulfide has not been shown to cause cancer in humans. Its ability to cause 
cancer in animals has not been studied fully. The Department of Health and Human 
Services (DHHS), the International Agency for Research on Cancer (lARC), and the 
EPA have not classified hydrogen sulfide for carcinogenicity. 

How does hydrogen sulfide affect children? 

Because it is heavier than air, hydrogen sulfide tends to sink, and because children are 
shorter than adults, they may be more likely to be exposed to larger amounts than 
adults in the same situations. 

It is not known whether hydrogen sulfide can cause birth defects in people. Some 
animal studies have shown developmental problems from exposure to hydrogen 
sulfide. 

How can families reduce the risk of exposure to hydrogen sulfide? 

Families may be exposed if they live near natural or industrial sources of hydrogen 
sulfide such as hot springs, or pulp and paper mills. Families may want to restrict visits 
to these places. 

Is there a medical test to show whether Tve been exposed to hydrogen sulfide? 
In case of life-threatening hydrogen sulfide poisoning, measurements of blood sulfide 
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or urinary t^llulfate levels may be used to confinn exposur^^owever, samples need 
to be taken within two hours of exposure to be useful. 



Has the federal government made recommendations to protect human health? 

EPA has established that hydrogen sulfide is a regulated toxic substance and is a 
hazardous substance as defined under the Federal Water Pollution Control Act. 

The Occupational Safety and Health Administration (OSHA) has established an 
acceptable ceiling concentration of 20 parts per million (20 ppm) in the workplace, 
with a maximum level of 50 ppm allowed for 10 minutes if no other measurable 
exposure occurs. 

The National Institute of Occupational Safety and Health (NIOSH) recommends a 
maximum exposure level of 10 ppm. 

Source of Information 

Agency for Toxic Substances and Disease Registry (ATSDR). 1999. Toxicological 
profile for hydrogen sulfide. Atlanta, GA; U.S. Department of Health and Human 
Services, Public Health Service. 

Where can I get more information? 

ATSDR can tell you where to find occupational and environmental health clinics. Their 
specialists can recognize, evaluate, and treat illnesses resulting from exposure to 
hazardous substances. You can also contact your community or state health or 
environmental quality department if you have any more questions or concerns. 

For more information, contact: 

Agency for Toxic Substances and Disease Registry 

Division of Toxicology 

1600 Clifton Road NE, Mailstop E-29 

Atlanta, GA 30333 

Phone: 1-888-422-8737 

FAX: (404)498-0057 



External safety and chemistry information (please see our disclaim 



Hydrogen Sulfide 

H2S 



Stereo Image 
MDL Molfile 



: ChemFmder 




NFPAUbeJKey 
Vermont SJR1.MSDS 



ATSDR Information Center / ATSDRIC@.cdc.gov / 1-888-422-8737 
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HYDROGEN SULFIDE GAS 

This pamphlet provides answers to basic questions about hydrogen sulfide gas. It will explain what hydrogen sulfide gas is, 
where it is found, how it can affect your health, and what you can do to prevent or reduce exposure to it. • 

Hydrogen sulfide gas is also known as "sewer gas" because it is often produced by the decay of waste material. 
Hydrogen sulfide gas has a strong odor at low levels. At higher levels, your nose can become overwhelmed by the gas 
and you cannot smell it. At these higher levels, hydrogen sulfide gas can make you sick and even kill you. 

WHAT IS HYDROGEN SULFIDE GAS? 

Hydrogen sulfide gas has a strong odor that smells like rotten eggs. It is colorless and occurs naturally in the environment. 
Hydrogen sulfide gas can be formed and released whenever waste containing sulfur is broken down by bacteria. 

Sewers, septic tanks, livestock waste pits, man holes, well pits, and trucks that transport chemical wastes may release 
hydrogen sulfide gas. Hydrogen sulfide gas also can be found in groundwater, especially in wells near oil fields or in wells 
that penetrate shale or sandstone. 

Hydrogen sulfide gas also is found in petroleum and natural gas. Natural gas can contain up to 28 percent hydrogen sulfide 
gas so it may be an air pollutant near natural gas production areas and petroleum refineries. The gas also can be produced by 
industries that work with sulfiir compounds. 

HOW CAN I BE EXPOSED TO HYDROGEN SULFIDE GAS? 

The main way to be exposed to hydrogen sulfide gas is by breathing it. You also can have skin or eye contact with 
hydrogen sulfide gas. 

Exposure to hydrogen sulfide gas can occur in the home and in the workplace. In the home, exposure may occur because of 
faulty plumbing. Sewer drains that have dry traps can allow hydrogen sulfide gas to enter the home. Another common 
exposure is from well water that contains hydrogen sulfide gas. This water has the characteristic "rotten egg" smell. The 
unpleasant odor of well water does not usually signify a health hazard because the smell of hydrogen sulfide gas can be 
detected at low levels. Workers involved in occupations such as livestock farming, sewage treatment, and oil refining may be 
exposed to hydrogen sulfide gas at work. 
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HOW CAN HYDROGEN SULFIDE GA^FFECT MY HEALTH? 

Hydrogen sulfide gas can be smelled at a level of about 10 parts per billion (ppb). (A part per billion is about the same as a 
thimble full of hydrogen sulfide gas in a theater full of air.) Some people can smell it at even lower levels. Exposure to 
higher levels of hydrogen sulfide gas can irritate the eyes, the nose, and the lungs. 



Although hydrogen sulfide gas has a strong odor, extended exposure deadens the sense of smell. At a level of 50 to 100 parts 
per million (ppm) of hydrogen sulfide gas in air, the sense of smell begins to break down. (A part per million is about the 
same as two soda cans fiill of hydrogen sulfide gas in a house full of air.) At this level, you should not rely on your sense of 
smell to decide if hydrogen sulfide gas is present. An instrument that measures hydrogen sulfide gas in air should be used. 

As hydrogen sulfide gas levels increase, the gas can cause eye irritation, dizziness, coughing, and headache. At levels 
greater than 250 ppm, hydrogen sulfide gas begins to affect your ability to breathe. Exposure to more than 600 ppm can be 
rapidly fatal. Deaths have occurred when people have entered poorly ventilated spaces such as sewer systems, deep well pits, 
and underground liquid manure tanks. Hydrogen sulfide gas is heavier than air, so its concentration is usually highest near 
the bottom of these spaces. 

At levels less than 250 ppm, recovery occurs quickly if exposure to hydrogen sulfide gas is ended promptly. Long-term 
nervous system problems have been found in survivors of short- term, high-level exposures. Some heart defects also have 
been reported in these cases. 



In drinking water, a hydrogen sulfide gas concentration of 70 ppm may cause digestive system irritation. Drinking water 
containing 700 ppm of hydrogen sulfide is highly poisonous. Direct skin contact with water containing these levels of 
hydrogen sulfide gas can cause redness and pain. The eye can become irritated at low levels of hydrogen sulfide gas in 
water. Inflammation and permanent scarring of the eye can take place at very high levels. 

It is not certain whether long-term exposure to low levels of hydrogen sulfide gas can make people sick. Studies with 
animals show that breathing low levels of hydrogen sulfide gas for a long time can cause irritation and inflammation of the 
nose, throat, and lungs. Other animal studies show that long-term exposure to low levels of hydrogen sulfide in drinking 
water can cause digestive system problems. 



HOW CAN I REDUCE MY EXPOSURE TO HYDROGEN SULFIDE GAS? 



Exposure to hydrogen sulfide gas can be reduced or prevented by ensuring that plumbing fixtures and pipes are installed and 
maintained properly. In homes where hydrogen sulfide gas is present you can reduce the level of the gas by locating and 
eliminating the source. Plumbers licensed by the Illinois Department of Public Health may be able to help with correcting 
problems associated with hydrogen sulfide gas. Increased ventilation in problem areas can temporarily reduce exposure to 
hydrogen sulfide gas. 



Workers who may be exposed to hydrogen sulfide gas should follow the guidelines established by the U.S. Occupational 
Safety and Health Administration (OSHA). OSHA has established confined space entry standards to prevent death from 
exposure to chemicals like hydrogen sulfide gas. 



WHERE CAN I GET MORE INFORMATION? 



Illinois Department of Public Health 
Division of Environmental Health 
525 W. Jefferson St. 
Springfield, IL 62761 
217-782-5830 

TTY (hearing impaired use only) 800-547-0466 



U.S. Department of Labor 



Occupational Safety and Health Administration (OSHA) 



There are five regional OSHA offices in Illinois. Check your local telephone directory for the address and phone number of 
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the office nearest you. 

This pamphlet was supported in part by funds from the Comprehensive Environmental Response, Compensation, and 
Liability Act trust Jund through a cooperative agreement with the Agency for Toxic Substances and Disease Registry, Public 
Health Service, U.S, Department of Health and Human Services. 
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